






























































































































































































































































































































































































































































































































































ܣሺݐǡ ݔሻ ൌ ȁܣ଴ȁ݁௜ଶగሺ௙௧ି
ೣ













































߂ݔ ൌ ݀ଶ െ ݀ଵȱ ȱ ȱ ȱ ȱ ȱ ȱ 1.4ȱ
݀ଵȱisȱtheȱprojectionȱofȱrȱonȱs0,ȱandȱ݀ଶisȱtheȱprojectionȱofȱrȱonȱs.ȱSo,ȱ
݀ଵ ൌ ࢘ ή ࢙૙ȱ ȱ ȱ ȱ ȱ ȱ ȱ 1.5ȱ
݀ଶ ൌ ࢘ ή ࢙ȱ ȱ ȱ ȱ ȱ ȱ ȱ 1.6ȱ
߂ݔ ൌ ࢘ ή ࢙ െ ࢘ ή ࢙૙ȱ ȱ ȱ ȱ ȱ ȱ ….ȱȱȱ
߂ݔ ൌ ࢘ ή ሺ࢙ െ࢙૙ሻȱ ȱ ȱ ȱ ȱ ȱ 1.7ȱ
Recallȱthatȱtheȱscatteringȱvector,ȱS,ȱisȱdefinedȱasȱ(fromȱsectionȱ1.4)ȱ
ࡿ ൌ ࢙ െ ࢙૙ȱȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱȱȱȱȱ.ȱ
Ifȱthisȱisȱsubstitutedȱintoȱequationȱ1.7,ȱtheȱpathȱlengthȱdifferenceȱbetweenȱtheȱtwoȱ
scatteringȱsitesȱbecomesȱ
߂ݔ ൌ ࢘ ή ࡿȱ ȱ ȱ ȱ ȱ ȱ ȱ 1.8ȱ
TheȱamplitudeȱofȱtheȱresultantȱxȬrayȱinȱdirectionȱxȱisȱthereforeȱgivenȱbyȱ
ܣሺࡿሻ ൌ  ȁ࡭૙ȁܾ݁ି
೔మഏ࢘ήࡿ
















ࢗ ൌ ʹߨࡿȱ ȱ ȱ ȱ ȱ ȱ ȱ 1.11ȱ
equationȱ1.10ȱbecomesȱ
ଶగ௱௫
ఒ ൌ ࢘ ή ࢗȱ ȱ ȱ ȱ ȱ ȱ ȱ 1.12ȱ
andȱequationȱ1.9ȱbecomesȱ
ܣሺࢗሻ ൌ  ȁ࡭૙ȁܾ݁ି௜࢘ήࢗȱ ȱ ȱ ȱ ȱ ȱ 1.13ȱ
Recallȱfromȱsectionȱ1.4ȱthatȱtheȱmagnitudeȱofȱscatteringȱvectorȱSȱisȱ2sinΌ.ȱTherefore,ȱtheȱ
magnitudeȱofȱqȱisȱ(GuinierȱandȱFournet,ȱ1955):ȱ
ȁࢗȁ ൌ ଶగ ଶୱ୧୬ఏఒ ȱ ȱ ȱ ȱ ȱ ȱ ȱȱȱȱȱȱȱ……….ȱ









































































ܫሺݍሻ ൌ ܣሺࢗሻ ή ܣכሺࢗሻȱȱ ȱ ȱ ȱ ȱ ȱ 1.19ȱ
ܫሺݍሻ ൌ ൣ׬ ߩሺ࢘ሻ݁ି௜ࢗή࢘௏ ݀ݎ൧ൣ׬ ߩሺ࢘ሻ݁௜ࢗή࢘
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݀ݎ ൌ ݎଶ ȣ ݀ݎ݀߆݀ߔȱȱ ȱ ȱ ȱ ȱ 1.212ȱ
then,ȱ




ఃୀ଴ ݁ି௜ࢗή࢘ݎଶ ߆ ݀ݎ݀߆݀ߔȱȱ ȱ 1.22ȱ
Sinceȱߩሺ࢘ሻȱisȱtheȱrealȬspaceȱscatteringȱlengthȱdensityȱdistribution,ȱA(q)ȱisȱaȱrealȱfunctionȱ
ofȱlengthȱq.ȱIfȱweȱchooseȱtheȱpolarȱaxisȱtoȱcoincideȱwithȱtheȱdirectionȱofȱq,ȱ








ఃୀ଴ ݁ି௜௤௥ୡ୭ୱఏݎଶ ߆ ݀ݎ݀߆݀ߔȱȱȱȱȱȱȱȱȱ.ȱ














ఃୀ଴ ݁ି௜௤௥௨ݎଶ ߆ ݀ݎ݀ݑ݀ߔȱȱ 1.25ȱ




௥ୀ଴ ȱȱ ȱ ȱ ȱ 1.26ȱ
Recallȱthatȱ
 ݔ ൌ ௘೔ೣି௘ష೔ೣଶ௜ ȱȱ ȱ ȱ ȱ ȱ ȱ 1.27ȱ
Substitutingȱthisȱexpressionȱintoȱtheȱequation,ȱ
ܣሺݍሻ ൌ Ͷߨܾ௘ ׬ ߩሺݎሻݎଶ ୱ୧୬ ௤௥௤௥ ݀ݎ
ஶ































݂ሺࢗሻ ൌ ׬ ߩሺ࢘ࢂ࢏ሻ݁ି௜ࢗࢂ࢏ή࢘ࢂ࢏௏௜ ݀ݎȱ ȱ ȱ ȱ ȱ 1.31ȱ















ܫሺݍሻ ൌ ܣሺࢗሻ ή ܣכሺࢗሻȱ ȱ ȱ ȱ ȱ ȱ ȱȱȱȱȱ.ȱ
Therefore,ȱsubstitutingȱequationȱ1.32ȱinȱforȱܣሺࢗሻ:ȱ
ܫሺݍሻ ൌ σ σ ௜݂ሺࢗሻ ௝݂ሺࢗሻே௝ୀଵே௜ୀଵ ݁ି௜ࢗή࢘࢏࢐ ȱ ȱ ȱ ȱ 1.33ȱ
Whenȱ݅ ൌ ݆,ȱ
௜݂ሺࢗሻ ௝݂ሺࢗሻ݁ି௜ࢗή࢘࢏࢐ȱ=ȱ ௜݂ଶሺࢗሻȱ ȱ .ȱ
Sinceȱscatteringȱisȱanȱorientationalȱaverageȱofȱallȱscatteringȱvectorsȱinȱtheȱmolecule,ȱ
whenȱ݅ ് ݆,ȱȱ









ۃ݂ሺݍሻۄ ൌ Ͷߨ ׬ ߩሺݎሻݎଶ ୱ୧୬ ௤௥௤௥ ݀ݎ
ஶ








































































ۃܣሺݍሻۄ ൌ Ͷߨ ׬ ߩሺݎሻݎଶ ୱ୧୬௤௥௤௥ ݀ݎ
ஶ









ߩሺݎሻ ൌ ൜ ߩ଴ǡ ݎ ൑ ܴͲǡݎ ൒ ܴȱ ȱ ȱ ȱ ȱ 2.1ȱ
ThisȱisȱdepictedȱgraphicallyȱinȱFigureȱ9Aȱandȱ9B.ȱSubstitutingȱequationȱ2.1ȱintoȱequationȱ
1.28,ȱweȱobtainȱ(GuinierȱandȱFournet,ȱ1955):ȱ
ۃܣሺݍሻۄ ൌ Ͷߨ ׬ ߩ଴ݎଶ ୱ୧୬ ௤௥௤௥ ݀ݎ
ோ
௥ୀ଴ ȱ ȱ ȱ ȱ ȱ 2.2ȱ
Sinceȱߩ଴ȱisȱaȱconstantȱitȱcanȱbeȱremovedȱfromȱtheȱintegral:ȱ
ۃܣሺݍሻۄ ൌ ସగ௤ ߩ଴ ׬ ݎሺݍݎሻ݀ݎ
ோ
௥ୀ଴ ȱ ȱ ȱ ȱ 2.3ȱ
Integrationȱofȱequationȱ2.3ȱbyȱpartsȱyields:ȱ






Ͳቁȱȱ ȱ ȱ ….ȱ




௤మ ቁȱȱ ȱ ȱ ȱ ….ȱ
ۃܣሺݍሻۄ ൌ ସగ௤య ߩ଴ሺെݍܴ ሺݍܴሻ ൅ ሺݍܴሻሻȱȱ ȱ ȱ ….ȱ
ۃܣሺݍሻۄ ൌ ସଷ ߨܴଷߩ଴
ଷሺୱ୧୬ሺ௤ோሻି୯ୖୡ୭ୱሺ௤ோሻሻ
ሺ௤ோሻయ ȱ ȱ ȱ ȱ 2.4ȱ
Equationȱ2.4ȱisȱtheȱorientationallyȱaveragedȱscatteringȱamplitudeȱofȱaȱsphere.ȱSinceȱସଷ ߨܴଷȱ
isȱtheȱvolumeȱofȱaȱsphereȱwithȱradiusȱR,ȱȱ






ܫሺݍሻ ൌ ܣሺࢗሻ ή ܣכሺࢗሻȱȱ ȱ ȱ ȱ ȱ …….…....ȱ
or,ȱforȱorientationallyȱaveragedȱamplitudes:ȱ
ܫሺݍሻ ൌ  ۃܣሺݍሻۄଶȱȱ ȱ ȱ ȱ ȱ ……..…...ȱ
then,ȱforȱaȱsphereȱtheȱscatteringȱintensityȱasȱaȱfunctionȱofȱqȱis:ȱ
ܫሺݍሻ ൌ ߩ଴ଶ ௦ܸଶܨሺݍሻଶȱ ȱ ȱ ȱ ȱ ȱ 2.6ȱ
whereȱܨሺݍሻȱisȱtheȱformȱfactorȱofȱtheȱsphere:ȱ




























































































































































































































































































































































































ሺሻ ൌ σ σ ܨ௜ሺݍሻܨ௝ଶ௝ୀଵ ሺݍሻ ௜ܵ௝ሺݍሻଶ௜ୀଵ ȱ ȱ ȱ ȱ ȱ2.9ȱ










































































































































































































































































































































































































































































































thisȱplot,ȱtheȱxȬaxis,ȱq,ȱisȱscaledȱbyȱtheȱmolecule’sȱRg,ȱandȱtheȱyȬaxisȱisȱ൫ݍܴ௚൯ଶ ܫሺݍሻ ܫሺͲሻΤ .ȱ
TheȱKratkyȱplotȱallowsȱoneȱtoȱeasilyȱdetermineȱifȱaȱSAXSȱprofileȱexhibitsȱaȱܲ ൎ ͶȱpowerȬ
lawȱrelationship.ȱ
Forȱcompactȱmolecules,ȱwhereȱȱܲ ൎ Ͷ,ȱthereȱwillȱbeȱaȱpeakȱatȱݍܴ௚ ൎ ξ͵ȱandȱ
൫ݍܴ௚൯ଶ ܫሺݍሻ ܫሺͲሻΤ ൎ ͵݁ିଵȱ(Durandȱetȱal.,ȱ2010;ȱRamboȱandȱTainer,ȱ2011).ȱȱForȱaȱ
completelyȱrandomȱcoil,ȱܲ ൌ ͷ ͵ൗ ,ȱandȱonȱtheȱKratkyȱplotȱthisȱisȱindicatedȱbyȱaȱhorizontalȱ
ȱȱ
58





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































୥ ൌ ୮ට ୒
మ౬































































































































































































































































































































































































ȱ ȱ ȱ 4.2ȱ



























































































































































































































































































































































































































୆୑ሺሻ ൌ  ଶଵି౩౟౤ሺ೜್ሻ೜್











	ୣ୴ଶ ሺݍሻ ൌ ܵ௘௩ሺݍሻ ൌ ଵ௩௑భమ כ ߁ሺ
ଵ





כ ߁ሺଵ௩ ǡ ܺሻȱ ȱ 4.7ȱ
whereȱȞሺܽǡ ܺሻandȱXȱare:ȱ
Ȟሺܽǡ ܺሻ ൌ ׬ ݀ݐ݁ݔ݌ሺെݐሻݐ௔ିଵ௑଴ ,ȱandȱȱ ȱ ȱ ȱ 4.8ȱ
Xȱ=ȱ
୯మሺౢ౦మ ሻ୒మ౬











ܨ௘௩ሺݍሻ ൌ ଵ௩௑ భమೡ כ ߁ ቀ
ଵ








































ܵ௘௩ሺݍሻ ൌ ଵ௩௑భమ כ ߁ሺ
ଵ






















ܨ௘௩ሺݍሻ ൌ ଵ௩௑ భమೡ כ ߁ ቀ
ଵ





















































































































































































































































































































































































































































































































































































































































































































































































5.3 FNIII(1-2) SAXS data confirms the conclusions obtained by 












































































































































































































































































ݔ ൌ ݎ  ߠ ߔȱ ȱ ȱ ȱ ȱ ȱ A.1ȱ
ݕ ൌ ݎ  ߠ ߔȱ ȱ ȱ ȱ ȱ ȱ A.2ȱ
ݖ ൌ ݎ  ߠȱ ȱ ȱ ȱ ȱ ȱ ȱ A.3ȱ
Nowȱweȱdefineȱx,y,zȱasȱfunctionsȱofȱr,Ό,Π:ȱ
ݔ ൌ ݂ሺǡ Ʌǡ Ȱሻ ൌ ݎ  ߠ ߔȱ ȱ ȱ ȱ ȱ A.4ȱ
ݕ ൌ ݃ሺǡ Ʌǡ Ȱሻ ൌ ݎ  ߠ ߔȱ ȱ ȱ ȱ ȱ A.5ȱ
ݖ ൌ ݄ሺǡ Ʌǡ Ȱሻ ൌ ݎ  ߠȱ ȱ ȱ ȱ ȱ A.6ȱ
Theȱvolumeȱelement,ȱdVȱinȱCartesianȱcoordinatesȱisȱ
ܸ݀ ൌ ݀ݔ݀ݕ݀ݖȱȱ ȱ ȱ ȱ ȱ ȱ A.7ȱ
Andȱtheȱvolumeȱisȱcalculatedȱusingȱaȱtripleȱintegral:ȱ
ܸ݋݈ݑ݉݁ ൌ ׬ ׬׬ܨሺݔǡ ݕǡ ݖሻ݀ݔ݀ݕ݀ݖȱ ȱ ȱ ȱ A.8ȱ
Similarly,ȱtheȱvolumeȱelementȱinȱsphericalȱpolarȱcoordinatesȱisȱcalculatedȱusingȱaȱtripleȱ
integral:ȱ












ఋః ݀ߔȱ ȱ ȱ A.11ȱ




ఋః ݀ߔȱ ȱ ȱ A.12ȱ





































































































ቀఋ௙ఋ௥ቁఏǡః ൌ  ߠ ߔȱ ȱ ቀ
ఋ௙
ఋఏቁ௥ǡః ൌ ݎ  ߠ ߔȱ ȱ ȱ ቀ
ఋ௙
ఋఃቁ௥ǡఏ ൌ െݎ  ߠ ߔȱ
ቀఋ௚ఋ௥ቁఏǡః ൌ  ߠ ߔȱ ȱ ቀ
ఋ௚
ఋఏቁ௥ǡః ൌ ݎ  ߠ ߔȱ ȱ ȱ ቀ
ఋ௚
ఋఃቁ௥ǡఏ ൌ ݎ  ߠ ߔȱ
ቀఋ௛ఋ௥ቁఏǡః ൌ  ߠȱ ȱ ȱ ቀ
ఋ௛





ȁܬȁ ൌ ሺ ߠ ߔ כ ݎ  ߠ ߔ כ Ͳ ൅ ݎ  ߠ ߔ כ ݎ  ߠ ߔ כ  ߠ ൅ െݎ  ߠ ߔ
כ  ߠ ߔ כ െݎ  ߠሻ െ ሺെݎ  ߠ ߔ כ ݎ  ߠ ߔ כ  ߠ
൅ ݎ  ߠ ߔ כ  ߠ ߔ כ Ͳ ൅  ߠ ߔ כ ݎ  ߠ ߔ െ ݎ  ߠሻȱ
ȁܬȁ ൌ ሺͲ ൅ ݎଶ  ߠ ଶ ߠ ଶ ߔ ൅ ݎଶ ଷ ߠ ଶ ߔሻ െ ሺെݎଶ  ߠ ଶ ߠ ଶ ߔ ൅ Ͳ
െ ݎଶ ଷ ߠ ଶ ߔሻȱ
ȁܬȁ ൌ ݎଶ  ߠ ሺଶ ߠ ଶ ߔ ൅ ଶ ߠ ଶ ߔ ൅ ଶ ߠ ଶ ߔ ൅ ଶ ߠ ଶ ߔሻȱ ȱ A.16ȱ
ȱ
Usingȱtheȱidentityȱଶ ߠ ൅ ଶ ߠ ൌ ͳǣȱ
ȁܬȁ ൌ ݎଶ  ߠ ሺଶ ߠ ଶ ߔ ൅ ଶ ߔ ሺଶ ߠ ൅ ଶ ߠሻ ൅ ଶ ߠ ଶ ߔሻȱ ȱ A.17ȱ
ȁܬȁ ൌ ݎଶ  ߠ ሺଶ ߠ ଶ ߔ ൅ ଶ ߠ ଶ ߔ ൅ ଶ ߔሻȱȱ ȱ ȱ ȱ A.18ȱ
ȁܬȁ ൌ ݎଶ  ߠ ሺଶ ߔ ሺଶ ߠ ൅ ଶ ߠሻ ൅ ଶ ߔሻȱ ȱ ȱ ȱ ȱ A.19ȱ
ȱȱ
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ȁܬȁ ൌ ݎଶ  ߠ ሺଶ ߔ ൅ ଶ ߔሻȱ ȱ ȱ ȱ ȱ ȱ ȱ A.20ȱ
ȁܬȁ ൌ ݎଶ  ߠȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ A.21ȱ
ȱ
Inȱequationȱ1.21,ȱweȱareȱintegratingȱoverȱtheȱwholeȱvolumeȱofȱr,ȱso,ȱ
݀࢘ ൌ ܸ݀ ൌ ݀ݔ݀ݕ݀ݖȱ
Whenȱthisȱisȱtransformedȱintoȱsphericalȱpolarȱcoordinates,ȱȱ
݀࢘ ൌ ܸ݀ ൌ ݎଶ  ߠ ݀ݎ݀ߠ݀ߔȱ ȱ ȱ ȱ A.22ȱ
ȱȱ
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